Abstract. Pericardial fluid, as a biochemical indicator of heart status, directly indicates pathological alteration to the heart. The accumulation of pericardial fluid can be attributed to an underlying systemic or local inflammatory process. However, the pericardial fluid expression of cellular surface markers, as well as several cytokines in chronic heart failure (CHF), remain unclear. In order to evaluate these issues further the pericardial fluid expression of several cytokines and the surface expression of activity markers between CHF patients and non-heart failure (NHF) patients were analyzed. The pericardial fluid expression of cytokines was measured by immunofluorescence and biomarker of plasma N-terminal propeptide of B-type natriuretic peptide (NT-proBNP), while pericardial fluid levels of soluble glycoprotein 130 (sgp130) were analyzed by ELISA in 50 CHF and 24 NHF patients. In addition, the surface expression of activation markers for T-cells was measured by immunohistochemistry. Patients with CHF demonstrated increased levels of plasma NT-proBNP and pericardial fluid sgp130. Surface expression of cellular activation markers CD25 and Foxp3 in the pericardial fluid was increased in patients with CHF. Moreover, the pro-and anti-inflammatory cytokines interferon (IFN)-γ, interleukin (IL)-6 and IL-10 in patients with CHF also demonstrated an increased expression within its pericardial fluid. In addition, there was infiltration of inflammatory cells and enhanced expression of inflammatory cytokines in the pericardial fluid of patients with CHF, which may reflect T cell activation, suggesting that systemic inflammation is important in the progression of CHF. This evidence could indicate a possible novel target for future therapeutics and prevention of CHF.
Introduction
Chronic heart failure (CHF) has currently become a global epidemic with high prevalence, incidence and mortality, and is one of the deadliest diseases (1) . It is diagnosed as a state of chronic inflammation with elevated T-cell activation and inflammatory cytokine production in the circulatory system (2) . A recent study revealed strong evidence that T lymphocytes are important in the pathogenesis of cardiac disease (3) . In addition, inflammatory cytokines have been investigated as targets of heart failure therapy (4) .
The development and progression of CHF itself are closely associated with the imbalance between pro-and anti-inflammatory mediators, and patients with CHF are characterized by an increased expression of inflammatory mediators in circulating leukocytes. For example, using blood samples, T-lymphocytes of patients with CHF demonstrated increased expression of interferon (IFN) and interleukin (IL)-10 in addition to increased surface activation markers, including CD69 and CD25 (5) . Hence, IFN-γ and IL-10 have been considered to be candidate cytokines involved in the pathomechanism leading to CHF (6) . Another surface marker, the forkhead/winged helix transcription factor (Foxp3), which is expressed by regulatory T cells (Treg), has an anti-inflammatory role and maintains tolerance to self-components by contact-dependent suppression or by releasing anti-inflammatory cytokines, including IL-10 (7). Within the blood, IL-10 itself has potent deactivating properties in macrophages and T-cells and thus acts as a downregulator of cell-mediated immune responses, which have already been described as being important in CHF (8) .
Circulating inflammatory markers, including IL-6, may be useful in establishing a diagnosis and in gauging a prognosis in patients with heart failure (HF) (4) . IL-6 is a multifunctional cytokine that mediates both immune and inflammatory responses. It has been shown that increased plasma IL-6 levels may contribute to disease progression, and may be associated with enhanced mortality in patients with CHF (9) . Within the myocardium, IL-6-type cytokines convey their signals predominantly through the signal transducer and
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cytokines in patients with chronic heart failure activator of the transcription 3 pathway via a glycoprotein 130 (gp130) receptor subunit. Moreover, the circulating levels of the common receptor subunit, soluble gp130 (sgp130), may potentially indicate the activity of the whole IL-6 family, including myocardial activation. It is the common receptor of IL-6, which is elevated in patients with CHF (10) . Pericardial fluid may be used as a biomarker for inferring pathological alteration to the heart (11), and its accumulation can be attributed to an underlying systemic or local inflammatory process (12) . Therefore, it is important to identify the association between the progression of CHF and the inflammatory response in the pericardial fluid in order to find a future treatment strategy and prognosis of HF. In order to further evaluate the role of pericardial fluid in CHF patients, the pericardial fluid expression of several cytokines and also surface expression of activity markers in T-cells from CHF patients and controls was examined.
Materials and methods
Patients. The present study population consisted of 74 patients with various degrees of CHF who were undergoing cardiac surgery in Nanjing First Hospital (Nanjing, China). Diagnosis of the etiology of HF was based on the clinical history, symptoms, physical examination, echocardiography, chest X-rays, electrocardiography and cardiac catheterization, conforming to available guidelines regarding CHF (13, 14) . Echocardiographic evaluation was performed according to the guidelines of the American Society of Echocardiography (15) before cardiac surgery using a commercially available probe and system to assess cardiac function and measure the left ventricular ejection fraction. Coronary angiography was performed in all patients before surgery to exclude patients with coronary artery disease. The following laboratory tests were also performed within the first 24 h after admission: Complete blood count, tests of liver function, measurements of blood urea nitrogen and serum creatinine, body mass index (BMI) and serum electrolytes.
Patients meeting the criteria for the present study were prospectively assigned to the CHF or NHF group. Moreover, the functional severity of HF was assessed prior to the surgery using the New York Heart Association (NYHA) classification (16, 17) , and the patients were classified by an independent investigator as: i) Symptomatic, which had a history or presence of clinical symptoms and sign of CHF including, orthopnea, paroxysmal nocturnal dyspnea, pulmonary congestion on chest radiograph or a significant exertional dyspnea or fatigue (NYHA II, n=26; NYHA III, n=21; NYHA IV, n=3) for the CHF group or ii) asymptomatic (NYHA I, n=24) for the NHF group. Patients were excluded if they had a history of recent myocardial infarction or unstable angina in the last 12 months. Other exclusion criteria included acute coronary syndrome, end-stage renal failure, shock, cancer and severe infection. Moreover, the study conformed to the principles outlined in the Declaration of Helsinki, the Ethics Committee of Nanjing Medical University Affiliated Nanjing First Hospital approved the trial, and each patient provided written informed consent.
Data collection. Sociodemographics (i.e., gender, age, education, marital status, living status and employment status) and information pertaining to medical history (i.e. CHF etiology and co-morbidities, including dyslipidemia and chronic kidney disease) were collected. Information about medication use, history of hypertension, diabetes mellitus, coronary heart disease, chronic obstructive pulmonary disease and stroke were also obtained. The baseline characteristics of the patient demographic variables in the present study, HF classification and echocardiographic parameters of patients are shown in Table I .
Measurement of biomarkers.
Pericardial fluid samples were obtained during surgery under general anesthesia. Undiluted samples of the pericardial fluid were obtained immediately after the creation of a small incision in the pericardium and before heparinization. Samples contaminated with blood were discharged. Pericardial fluid was collected for the measurement of total protein. Arterial blood samples were withdrawn from the cannulated brachial artery at the same time for the measurement of plasma N-terminal propeptide of B-type natriuretic peptide (NT-proBNP). In addition, all the samples were collected into sterile tubes and immediately placed on ice. These were then immediately centrifuged at 3,000 x g for 15 min at 4˚C and rapidly frozen and stored at -80˚C until further analysis.
Histological analysis. Cells obtained from the pericardial fluid samples were fixed in 4% paraformaldehyde (PFA) smear section, which was stained with hematoxylin and eosin (H&E) to assess the cell proportions within each group for histopathology. Stained sections were performed according to a previously described protocol with minor revisions (18) , and were then observed under a BX41TF microscope (Olympus Corporation, Tokyo, Japan). True color digital images were then captured.
Immunohistochemical staining. The expression levels of Foxp3 and CD25 receptor protein were examined immunohistochemically in pericardial fluid biopsy samples obtained from the patients with CHF and NHF. Staining of CD25 (1:100; ab61195, Abcam, Cambridge, MA, USA) and Foxp3 (1:100; sc-28705, Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA) immunohistochemistry was performed on formalin-fixed sections, followed by incubation with PV-6001 (Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing, China) according to the manufacturer's instructions. Each stained histological section was examined under an Olympus BX53F microscope (Olympus Corporation) connected to a computerized image-analysis system (Image-Pro v6.0; Media Cybernetics Inc., Silver Spring, MD, USA).
Immunofluorescence staining. Immunofluorescence staining for IL-6 (1:100; ab6672; Abcam, Cambridge, MA, USA), IL-10 (1:100; 250713; Abbiotec, San Diego, CA, USA) and IFN-γ (1:100; ab175878; Abcam) was performed in a smear section. Prior to immunostaining, cells were washed with phosphate-buffered saline, fixed with 4% PFA for 10 min and permeabilized for 10 min using 0.05% Triton-100. Cells were then incubated for 20 min (37˚C) with 5% bovine serum albumin blocking solution in order to block non-specific binding. Cells were then incubated at 4˚C overnight with primary antibodies and 1 h with the appropriate secondary antibody conjugated to Alexa-488 (1787900) or Alexa 594 (1827987; both Invitrogen; Thermo Fisher Scientific, Inc., Carlsbad, CA, USA). DAPI was used to counterstain the nuclei. Samples were then covered with mounting media (Invitrogen; Thermo Fisher Scientific, Inc.), overlaid with coverslips and examined under a fluorescence microscope (Axio Scope A1; Carl Zeiss AG, Oberkochen, Germany) following the method described in previous studies (19, 20) .
ELISA. The concentration of NT-proBNP and Sgp130 levels were evaluated using the highly sensitive ELISA. NT-proBNP was measured by the ELISA kit for human NT-proBNP (Cloud-Clone Corp, Houston, TX, USA). Sgp130 was measured using a human sgp130 Quantikine ELISA kit (R&D Systems, Inc., Minneapolis, MN, USA) all following the manufacturer's instructions. The assays were quantified in an ultra-microplate reader at a wavelength of 450 nm (ELX808; BioTek Instruments, Inc., Winooski, VT, USA). The results are expressed as pg/ml.
Statistical analysis.
Comparisons of CHF patients vs. control subjects were performed using Student's t-test where distributions of data were normal and homogeneity of variance. For skewed variables the Mann-Whitney U test was used for the analysis. For the ranked data, Pearson's χ 2 or Fisher's exact tests were used for the comparison between two groups. Continuous values are expressed as the mean ± standard deviation. Data were analyzed using SPSS version 13.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was used to indicate a statistically significant difference.
Results
Clinical characteristics in CHF patients. In total, 74 patients were enrolled in the present study. The baseline clinical characteristics of the study subjects are detailed in Table I , which summarizes the demographic data, medical history, NYHA function classification and BMI in the CHF and NHF groups. There were no significant differences in age, gender and BMI between the two groups. Moreover, according to the NYHA classification, the severity of HF was class I in 24, class II in 26, class III in 21 and class IV in three patients.
Concentration of plasma NT-proBNP in patients with CHF.
Plasma NT-pro BNP was observed in CHF and NHF patients. The level of plasma NT-proBNP significantly increased in the CHF group compared to the NHF group (749.60±468.06 vs. 303.45±275.00 pg/ml; P<0.05) (Fig. 1) .
Pericardial fluid expression in cellular proportion of patients with CHF. The pericardial fluid of CHF patients exhibited marked infiltration of inflammatory cells, whereas the pericardial fluid of the NHF patients had less of such infiltrates. Moreover, CHF patients showed an increased number of circulating lymphocytes within its pericardial fluid compared to NHF patients as evidenced by H&E staining (Fig. 2) .
Pericardial fluid expression on surface markers CD25 and Foxp3. In order to further elucidate the role of lymphocyte cells in the systemic inflammatory response during CHF, the surface expression of the T cell activation markers, CD25 and Foxp3, on pericardial fluid were detected using immunohistochemistry. The T-cell activation marker CD 25 was observed to be significantly increased in CHF patients compared to the controls (P<0.05; Fig. 3 Data are presented as the mean ± standard deviation, or number or percentage of CHF patients or NHF patients. NHF, non-heart failure; CHF, chronic heart failure; COPD, chronic obstructive pulmonary disease; LVEF, left ventricular ejection fraction. (Fig. 3) , suggesting T cell activation within the pericardial fluid of the CHF patients.
Pericardial fluid expression of the pro-and anti-inflammatory cytokines IFN-γ, IL-6 and IL-10.
Given the inflammatory reactions in the hearts of CHF patients, it was of interest to examine whether pro-and anti-inflammatory cytokines were detectable in the pericardial fluid of such patients. Therefore, the present study investigated the pericardial fluid expression of IFN-γ, IL-6 and IL-10. The pro-inflammatory cytokine expression of the pericardial fluid IFN-γ was markedly increased in the CHF compared to the NHF patients. Moreover, pericardial fluid expression of IL-6 was also markedly increased in the CHF compared with the NHF patients. On the other hand, pericardial fluid expression of the anti-inflammatory cytokine IL-10 was also showing a markedly increase in cells of CHF compared to NHF patients (Fig. 4) .
Circulating levels of sgp130 in the pericardial fluid of patients with CHF. Finally, the pericardial fluid expression of the IL-6 receptor sgp130 levels in patients with CHF was examined in the present study. Patients with CHF had significantly increased 
Discussion
CHF is an increasingly prevalent disease, which claims thousands of lives every year (21) . Previous studies have identified some prognostic markers indicating adverse outcomes in patients with CHF (22) (23) (24) . However, researchers have still not reached a consensus on the incidence, characteristics and importance of pericardial fluid in patients with CHF. To the best of our knowledge, the present study investigated for the first time the expression of pericardial fluid T cells and the related inflammatory cytokines in CHF patients.
NT-proBNP has recently become a subject of interest amongst medical researchers due to its possible role in monitoring HF and distinguishing acute coronary syndromes (25) . It has recently been reported that plasma, fresh and frozen urine levels of NT-proBNP were significantly higher in CHF patients (26) . A previous study suggests that the severity of CHF could be determined on the basis of plasma NT-proBNP levels, whereas the NT-proBNP assay may be more sensitive than BNP under certain circumstances (27) . Therefore, in the present study the NT-proBNP levels were evaluated. These were used to confirm the diagnosis of CHF in the population of the present study, regardless of history, etiology and symptoms of CHF itself. In agreement with previous results (26) (27) (28) , the plasma levels of NT-proBNP in the present study were significantly increased in patients with CHF, suggesting that NT-proBNP is a useful marker for detecting CHF.
HF occurs due to the inability of the heart to respond to the circulatory demand; main causes include ischemic and valvular injuries, while toxic, metabolic or genetic (congenital) origins are less common. Alterations in the heart may lead to major changes in the myocardial structure and function. The pathogenesis of HF itself is determined by numerous factors, including inflammation, neuroendocrine activation, oxidative stress, severe angiogenesis, apoptosis pathway changes and vascular remodeling (29) . Inflammation may stimulate cardiac remodeling and fibrosis, and thus participates in the progression and pathogenesis of HF. Gruson et al (30) reported that circulating levels of cytokines are enhanced in the failing myocardium, and increased production of pro-inflammatory cytokines may challenge the surrounding tissue through propagation of the inflammatory response and direct effects on the cardiac myocyte structure and its function. Pro-inflammatory cytokines such as the tumor necrosis factor-α and IL family (IL-6, IL-1 and IL-18) appear to cause cardiomyocyte apoptosis and necrosis as well as cell hypertrophy, leading to CHF (30) . In the present study, which investigated pericardial fluid samples, an aim was to detect biomarkers of inflammation associated with CHF that may provide additional options, rather than NT-proBNP alone, for diagnosing CHF. There was a notable limitation within our study. Although the concentration of plasma NT-proBNP increased in the CHF group, the standard deviation of these data are quite large, which may have been caused by a deficiency of the samples. Furthermore, although we have attempted to decrease the influence of other clinical factors, there are still some factors that we did not recognize that may affect the results.
Activation of the immune system and inflammation in HF patients are considered to be important in the progression of HF (22, (31) (32) (33) . In particular, variations in different types of leukocytes, including lymphocyte, monocyte, eosinophil and mast cells, have been identified in a high-risk subset of HF patients (34) . It has been hypothesized that the typical hallmarks for the involvement of immune mechanisms in CHF pathogenesis are the infiltration of cardiac tissue by leukocytes (6). We hypothesized that T cell infiltration will also appear within the pericardial fluid of CHF patients, the present results demonstrated that CHF patients had an increasing number of circulating T lymphocytes within its pericardial fluid compared to NHF patients, which indicates increased T cell infiltration within the pericardial fluid of CHF patients.
T cells in CHF patients are evidently activated, as evidenced by enhanced gene expression of chemokines and inflammatory cytokines, in addition to the surface expression of activated markers (35) . CD25 T lymphocytes represent the most well characterized subset of regulatory T cells on their surface, and recently, nuclear transcription factor Foxp3 has been demonstrated to a specific marker for and to regulate the development and function of CD4 + CD25 + Tregs (36) . A previous publication stated that circulating Treg cells were reduced and their function was altered in CHF patients, regardless of etiology, indicating that the defects in Treg cells are responsible for the aberrant chronic immune activation in CHF patients (2) . In the present study, the result demonstrated that T-cells in the pericardial fluid of CHF patients expressing CD25 and Foxp3 activation markers were significantly increased compared to the NHF patients. This observation was consistent with other reports (37, 38) that showed that T-cells from CHF patients had an enhanced surface expression of the activation marker CD25. This study demonstrated that circulating T-cells are markedly activated in CHF as assessed by both enhanced mRNA levels of several inflammatory cytokines as well as by an increased surface expression of activation markers (37) . Moreover, the results of the present study suggested that CD25 is not only expressed within T lymphocytes but also within other cells, including monocytes. However, the present study focused on T lymphocytes that expressed the surface marker CD25. Other studies also reported that among the leukocyte subsets, monocytes have been shown to contribute to the systemic inflammation in HF patients (38, 39) , and through this study it was suggested that T cells may be an important cellular source for inflammatory cytokines in CHF. However, the expression and functional role of CD25 within other cell types requires further study.
Besides monocyte function being modulated in CHF enhanced expression of pro-inflammatory cytokines and activation markers of T-cells has also been reported. However, in the present study, which based on the pericardial fluid sample, the results showed that pro-inflammatory cytokine expression of the pericardial fluid IFN-γ was significantly increased in CHF compared to the NHF patients. There is clinical evidence that T cellular IFN-γ gene expression is increased in patients with CHF (6). Cappuzzello et al (40) have described for the first time, that there was an increase of IL-9, and a decrease of IL-5, IL-7 and IFN-γ plasma levels in patients with CHF. Moreover, Fukunaga et al (41) demonstrated that in CHF patients more CD4
+ T-lymphocytes produce IFN, and that the number of CD4 + IFN producing T-lymphocytes increases with disease activity. IFN-γ may protect against the development of dilated cardiomyopathy, HF and the incidence of mortality by reducing mast cell degranulation in the pericardium and preventing the adhesive, fibrous form of pericarditis (42) .
During the last few years, an interest in the involvement of inflammatory factors in HF has emerged. The role of inflammation in the pathogenesis of HF has been strengthened with the implication of several cytokines, including IL-6, in the disease process in some experimental studies and the demonstration of elevated inflammatory markers in patients with milder degrees of HF, including those with asymptomatic left ventricular dysfunction as well as in patients at risk to develop HF (32) . In the present study, the results demonstrated that pericardial fluid expression of IL-6 was also significantly increased in CHF patients. Recently, a study by Hilfiker-Kleiner et al (43) has raised the warning that continuous gp130-mediated signal transducer and activator of transcription 3 (STAT3) activation promotes inflammation, left ventricular rupture and adverse remodeling in myocardial infarction. Moreover, these authors hypothesized that the elevation of IL-6 levels caused continuous activation of the gp130/STAT3 pathway, leading to HF. In addition, the serum IL-6 level is increased in patients with HF. Furthermore, Kinugawa et al (44) reported that cardiac expression of IL-6 mRNA is also increased in the myocardium in patients with advanced HF. IL-6 may contribute to the progression of myocardial damage and dysfunction in the CHF syndrome (23) . For several reasons, it is possible that the enhanced IL-6 activity in the failing myocardium may contribute to the increased gp130 and IL-6 levels in patients with CHF.
In patients with HF, a decrease in IL-10 plasma concentration has been reported and it is positively correlated with a decrease in the left ventricular ejection fraction (45) . In the present study, the results revealed that the anti-inflammatory cytokine IL-10 was increased in T-cells from CHF patients within its pericardial fluid compared to NHF patients. This result is supported by a previous study performed by Amir et al (46) , which reported that the IL-10 circulating levels are higher in HF patients compared with healthycontrols. Moreover, Yndestad et al (39) reported a rise in inflammatory mediators that appears not to be accompanied by a corresponding increase in anti-inflammatory cytokines, including IL-10 in HF patients, and resulting in an inflammatory effect. Moreover in the present study, pericardial fluid expression of both pro-and anti-inflammatory mediators demonstrated cellular infiltrations of abundant T-cells within the pericardial fluid of CHF patients. This result suggests that the possible interaction in the complex of inflammatory and anti-inflammatory network may require further study.
It has previously been demonstrated that elevated sgp130 levels are associated with cardiovascular damage, and mortality resulting from worsening of HF (47) . In the present study, the results showed that patients with CHF had significantly increased levels of pericardial fluid sgp130 compared with NHF patients, indicating that sgp130 may be involved in the progression of CHF. It has also been reported (48, 49) that elevated serum levels of IL-6 cytokines and gp130 proteins are strong prognostic markers for morbidity. Askevold et al (22) demonstrated that serum sgp130 was associated with fatal outcomes in patients with chronic systolic HF of ischemic causes, but did not appear to predict vascular events, and sgp130 did not enhance risk prediction when troponin T was accounted for and mortality in patients with HF or after myocardial infarction. gp130 is the common signal-transducing receptor subunit of the IL-6 family, which may be involved in the progression of HF. Sgp130 itself reflecting inflammatory processes, which has been reported is elevated in CHF patients (10) . Moreover, the gp130 receptor system is important in the transition of left ventricular hypertrophy to overt HF (49) .
It has been reported that increased levels of pro-inflammatory cytokines, in response to myocardial damage, are important prognostic factors correlating with increased mortality rates in HF patients (29) . In addition, another study has indicated that the assessment of markers associated with the different pathways of HF pathogenesis may facilitate diagnosis and the prediction of mortality risk in patients with HF based on five years of observation (50) . From this study it may be concluded that cytokines are increased in the pericardial fluid of the CHF, which may induce alteration in the structural matrix of the myocardium, and cause myocyte apoptosis leading to the inflammatory response, which may reflect T cell activation. Therefore, more data on the risk of stratification and therapy using presented biomarkers are required, and may warrant further studies and with larger populations.
In conclusion, to the best of our knowledge the present study reported for the first time that there is infiltration of inflammatory cells and enhanced expression of inflammatory cytokines within the pericardial fluid of patients with CHF, which reflects T cell activation. Moreover, it confirmed that the progression of CHF is associated with systemic inflammation. Furthermore, this evidence could represent a possible novel target that may lead to an improved understanding and future therapeutics and prevention to improve the clinical outcome in patients with CHF.
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